WORLD INTELLECTUAL PROPERTY ORGANIZATION 
International Bureau 




PCT 

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) International Patent Classification 6 : 
B42D 15/00 



Al 



(11) International Publication Number; WO 98/53999 

(43) International Publication Date: 3 December 1998 (03.12.98) 



(21) International Application Number: PCT/GB98/01537 

(22) International Filing Date: 27 May 1998 (27.05.98) 



(30) Priority Data: 
9710818.7 



27 May 1997 (27.05.97) 



GB 



(71) Applicant (for all designated States except US): FRYCO 

LIMITED [GB/GB]; 22 Sedling Road, Wear District 6, 
Washington, Tyne & Wear NE38 9BZ (GB). 

(72) Inventor; and 

(75) Inventor/Applicant (for US only): SHEARER, James, Alexan- 
der [GB/GB]; Loaningside Farm, Allendale, Hexham, 
Northumberland NE47 9 AN (GB). 

(74) Agent: GIBSON, Stewart, Harry; Urquhart-Dykes & Lord, 
Three Trinity Court, 21-27 Newport Road, Cardiff CF2 
1AA (GB). 



(81) Designated States: AL, AM, AT, AU, AZ, BA, BB, BG, BR, 
BY, CA, CH, CN, CU, CZ, DE, DK, EE, ES, FI, GB, GE, 
GH, GM, GW, HU, ID, DL, IS, JP, KE, KG, KP, KR, KZ, 
LC, LK, LR, LS, LT, LU, LV, MD, MG, MK, MN, MW, 
MX, NO, NZ, PL, PT, RO, RU, SD, SE, SG, SI, SK, SL, 
TJ, TM, TR, TT, UA, UG, US, UZ, VN, YU, ZW, ARIPO 
patent (GH, GM, KE, LS, MW, SD, SZ, UG, ZW), Eurasian 
patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), European 
patent (AT, BE, CH, CY, DE, DK, ES, FI, FR, GB, GR, 
IE, IT, LU, MC, NL, PT, SE), OAPI patent (BF, BJ, CF, 
CG, CI, CM, GA, GN, ML, MR, NE, SN, TD, TG). 



Published 

With international search report. 



(54) Title: OPTICALLY VARIABLE DEVICES 



£S BANK of^ENGLANQ 

ABC1234567H FlvT~PoOHtJS 



LONDON 
BANK OF 
ENGLAND 




XJJ 



12 



10 



(57) Abstract 



A substrate, such as a banknote (10) or other document of value, is provided with a security feature in the form of an optically variable 
device (12), by a process which comprises applying a coating of an ink to a discrete area of the substrate (10) by a printing process, then 
impressing the ink coating using an impression die, to form a pattern of reflective grooves in the surface of the inked area, these reflective 
grooves forming an optically variable image under incident light 
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Optically variable devices 

The present invention relates to optically variable 
devices and more particularly to a method of forming optically 
variable devices on substrates, especially on documents of 
value (e.g. banknotes) . The invention is moreover particularly 
5 concerned with optically variable devices (OVD's) which depend 
solely on light reflection, not light diffraction. 

Diffractive OVD's, including holograms and electron 
beam diffractive structures such as Kinegrams and Exel grams, 
comprise a micro-fringe diffractive structure which produces 
10 either two-dimensional or three-dimensional variable images by 
the diffraction of light. Typically, diffractive OVD's have 
a fringe spacing of 0.1 to 1.5 microns. 

For diffractive OVD's to work efficiently, a reflective 
layer is applied over the micro-fringe structure. Typically 
15 the most effective reflective layer comprises vacuum deposited 
aluminium: for certain security applications, it is preferred 
to use a coating of high refractive index, comprising a rare 
earth oxide. 

Diffractive OVD's are being used increasingly to combat 
20 the illicit replication or alteration of documents or other 
articles. Banknotes and other high security, printed documents 
are of particular concern. Traditionally such documents have 
used intaglio print, speciality rag papers (incorporating 
watermarks, embedded threads or window threads) or devices such 
25 as fluorescent threads, planchettes or latent images. However, 
with the advent of relatively inexpensive computers, laser 
scanners and colour copies etc., banknotes and other documents 
of value have become open to counterfeit abuse, not only by 
organised criminals but also by the casual counterfeiter simply 
30 replicating several banknotes or documents at his local colour 
copier shop. 

As a consequence, banknote printers are being forced to 
consider new technologies to secure their products against 
modern replication technology. Diffractive OVD's represent 
35 effective technology and several countries have adopted them, 
in the form of an aluminium-coated, hot foil stamp, which is 



WO 98/53999 

PCT/GB98/01537 

2 _ 

applied to the surface of the banknote. Although the device 

TJ T " illicit -plication, the additional 

cost of applying the device to a banknote or other document is 
high and indeed prohibitive in the case of banknotes of 
5 relatively low denominations. More over, the OVD in the form 
of a hot stamp foil is not particularly robust and the normal 
lifetime of the banknote will usually be reduced. 

It is an object of the present invention to provide a 
method of providing a substrate with an optically variable 
device in a simple and inexpensive manner, to provide an 
effective security feature. 

in accordance with the present invention, there is 
provided a process for forming a substrate with an optically 
variable device, the process comprising applying a coating of 
15 a composition to an area of a surface of said substrate and 
then ^impressing said coating of composition to form a pattern 
of reflective grooves in the surface of the composition, so as 
to provide an optically variable image under incident light. 

It will be appreciated that the optically variable 
.0 device may be formed in a discrete area only of the substrate 
surface, m the case of a banknote or other document of value 
(eg ticket, receipt, certificate etc.), the remainder of the 
substrate surface remains available for printed or written 
information, design features etc. 
5 The optically variable image (i.e. such that the image 

seen by the viewer varies with the angle of view) may be 
arrange^ to depend solely on light reflection, without light 
diffraction. International patent application WO98/08131 and 
international patent application WO98/20382 disclose optically 
0 variable devices of this nature, the groove or ridge spacing! 
being m the range 2 to ioo microns, such that there is no 
light diffraction, only i ight reflection effects. m 
particular in WO98/08131, an OVD is disclosed in which a 
substrate is formed with a plurality of stereo pairs of 
reflective elements (particularly grooves or ridges), each 
stereo pair of such elements providing an image of a point at 
a predetermined distance from the plane of the substrate: the 
Plurality of these point-images form a three-dimensional 
optical image; the arrangement produces images in three 
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dimensions with true parallax. In WO98/20382, an OVD is 
disclosed in which a substrate is formed with a plurality of 
groups of elemental areas, the different groups forming 
respective image pixels: the different elemental areas of each 
5 group are formed with respective sets of reflective grooves or 
ridges, with the grooves or ridges of the different elemental 
areas being at different orientations. This arrangement 
produces a two-dimensional optical kinetic image. 

In such arrangements, all of the image is seen as 

10 reflected light and consequently the image replays in the 
colour of the light with which its pattern of grooves or raised 
ridges (herein referred to as "fringes" for convenience) is 
illuminated. For example, if the device is viewed under blue 
light, the image will be blue, whilst if the device is viewed 

15 under while light, the image will be white. 

In the method of the present invention, preferably a 
composition (e.g. an ink) is selected which, when dry, has a 
high gloss surface finish. This ink or other composition can 
be printed onto the substrate surface, and then impressed with 

20 a metal stamper to form a surface relief pattern in the ink. 
The gloss surface to the grooves thus formed provides for 
reflection of incident light and the pattern of grooves is such 
as to provide a variable optical image. Preferably the colour 
of the ink contrasts strongly with the colour of the light 

25 under which the image is intended to be viewed: if white light 
is used to replay the image, then a white image will be seen, 
so that a black ink would then give maximum contrast and 
greatly enhance viewability of the image. 

Suitable compositions include gloss intaglio inks, 

30 acrylic inks and water-based black gravure inks (e.g. Sicpa KS 
80007S) . Preferably the impressing die is pre-heated. 
Preferably the fringe aspect ratio (ratio of pitch: depth of 
the grooves formed in the ink surface) is 1:1, although ratios 
as low as 20:1 may be used. The thickness of the ink required 

35 is dependent on the fringe aspect ratio, depth of the fringes 
and the surface texture of the paper or other substrate on 
which it is printed. 

Preferably 3 to 8 gms per square metre of ink is 
applied to the paper or other substrate. Preferably the area 
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of the paper to which the security feature is to be applied is 

ZZZ ZT* T r to priBti " 9 - ^ 

coatmg may be applied to remove any surface irregularities 
Wore a top coating of in* ls applied and 

contrast colour, or different areas of different contrast 
colours to provide , printed background design. The top 
coating of ink „a y ta transp „ e „ t ^ ^ , high ^ ^ 

„„„ , Bankn ° te * « other documents can be printed with their 
usual features of information and design etc. by normal off-set 
and/or xntaglio printing processes. The opti cally variable £ 
patch can be applied by a number of different processed 
xncludxng sUk screen printing. The sheets of baLotes or 

o°r pit ^ Print6d ~ * °«— ■ ^ > 

or platen press fitted with an impression plate to impress the 

optically variable fringe pattern into the surface of "e ink 

et a™fth aUO " S Println9 MOhi — *> ™ - ^» 
speeds, and the process is of relatively low cost. 

coot, 8 "° di " ed Pr ° CeSS ' 3 ground patch, of 

contrast^ colour or colours, can be printed e.g. oy off-set 

t 0 ™-; u printin9, ana then a positive 

Utter ' V " 9 9 ear ° r **"»»»•■*. high gloss in*: the 

pre-Prinfed 1 : " * ° £ » 1 ~ « *- 

Pre printed base coat, these ridges being reflective to provide 

P^ttetof -d Variable ima3e - " °™ ^-tances/sucT 
subst , ** aPPlied to th ° ""face of the 

sub^rate, usmg ink of a colour (e.g. black, to contrast wia 
the light under which the image is to be viewed. Again, the 
fr.nge spac.ngs are in the range of 2 to 100 microns, such that 

"Jb 0 , 119 " dl£t " Cti °"' «"» Hght reflection effects 

Embodiments of thp 

present invention will now be 
described by way o f examples only and with reference" 
accompanying drawings, in which: 

^ provided" wiT 1 " 3 SChematiC Vi6W ° f 3 banknot * 

IIZIT I 3 S6CUrity featUre ' in the f0rm ° f an °Ptically 

ice ' by a process in — - ~ 

FIGURES 2 and 3 are schematic diagrams for use in 
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explaining the principles according to which one form of OVD 
may be provided in accordance with the present invention; and 
FIGURE 4 is a schematic diagram for use in explaining 
the principles according to which a second form of OVD may be 
5 provided in accordance with the present invention. 

Referring to Figure l, there is shown a banknote 10 
having an optically variable device (OVD) 12 formed over a 
discrete area of one surface of the banknote. The same surface 
of the banknote carries printed information and distinctive 

10 artwork in conventional manner. 

The OVD 12 is formed, in the example shown, by applying 
an ink as a coating over that discrete area, by a printing 
process. This ink is one which exhibits a high gloss surface 
finish when dry. This patch of ink is then impressed with an 

15 impression die, to form a pattern of reflective grooves in the 
surface of the ink patch, to provide an optically variable 
image under incident light. 

The pattern of reflective grooves is arranged to 
provide the optically variable image by light reflection, 

20 without light diffraction. In accordance with the teachings 
of WO98/08131, the pattern of reflective grooves may comprise 
a plurality of stereo pairs of grooves, each pair of grooves 
providing the image of a point at a predetermined distance from 
(i.e. in front of or behind) the plane of the substrate on 

25 which the grooves are carried. For example, Figure 2 shows a 
stereo pair of short, linear grooves 2 0,22 oriented to form, 
by reflection of the incident light beam B, a point image P at 
a distance behind the substrate in which the grooves are 
formed: Figure 3 shows a similar stereo pair of grooves 24,26 

30 oriented to form a point image P 1 at a distance in front of the 
substrate; in both cases, the distance of the point image (P 
or P') from the substrate is substantially equal to the 
distance r from each groove to the intersection of the lines 
normal to those grooves. The plurality of point images, 

35 provided by the plurality of stereo pairs of grooves, form a 
three-dimensional optical image, which varies according to the 
angle of view. 

The pattern of reflective grooves may instead be 
arranged in accordance with the teachings of WO98/20382. In 



WO 98/53999 

PCT/GB98/01537 

6 

this case, the security feature is made up of a plurality of 
groups of elemental areas, the different groups forcing 
respective lmage pixels, with the different elemental areas of 
each group being formed with respective grooves or sets of 
5 grooves: the grooves of the different elemental areas of each 
group are at different orientations. Figure 4 shows one such 
group of elemental areas A, to each formed with a set of 
parallel grooves 32, to 32., but with the grooves of each such 
elemental area oriented at a different angle to the grooves of 

10 the preceding elemental area of the group. Thus, as the 
substrate, which carries these grooves, is turned through ISO- 
in a counterclockwise direction, under incident light beam B, 
the successive elemental areas a, to A, become visible to the 
Viewer in turn one-at-a-time. The group forms one pixel of an 

15 image: the OVD comprises a plurality of such groups, forming 

rot C ar eSP r in9 PlUraUtY ° f PiX6lS making « *»n 

rotation of the substrate accordingly produces, in effect, . 

dynamic movement of the image. 

It will be appreciated that, in accordance with the 
20 invention, banknotes or other documents of value are provided 
with an optically variable image using apparatus and techniques 

Ind'ust a " r SiCally C ° nVentional to th * -curity Printing 
industry. Even the impressing of the ink patch can be carried 

25 h- Hr" 9 C ° nVenti0nal «*»iP~nt. The process provides a 
highly secure optically variable device, which cannot be 
replicated by the use of laser scanning, colour photocopying 
or other known techniques. Moreover, the process involves 
relatively low cost and can therefore be used on all banknotes, 
including those of low denomination. 
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1) A process for forming a substrate with an optically 
variable device, the process comprising applying a coating of 
a composition to an areas of a surface of said substrate and 

5 then impressing said coating of composition to form a pattern 
of reflective grooves in the surface of the composition, so as 
to provide an optically variable image under incident light. 

2) A process as claimed in claim 1, in which said 
composition comprises a composition which has a high gloss 

10 surface finish, when dry. 

3) A process as claimed in claim 2, in which said 
composition comprises a gloss intaglio ink. 

4) A process as claimed in claim 2, in which said 
composition comprises an acrylic ink. 

15 5) A process as claimed in claim 2, in which said 

composition comprises a water-based gravure ink. 

6) A process as claimed in any one of claims 2 to 5, in 

which said composition is applied to said substrate by a 
printing process. 

20 7) A process as claimed in any preceding claim, in which 

3 to 8 grammes per square metre of said composition is applied 
to said substrate. 

8) A process as claimed in any preceding claim, in which 
said step of impressing said coating of composition makes use 

25 of an impression die having a surface relief pattern 
complementary to the pattern of reflective grooves to be formed 
in the surface of said composition. 

9) A process as claimed in claim 8, in which said 
impression dies is heated before application to said coating 

30 of composition on said substrate. 
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10) A process as claimed in any preceding claim, in which 
the aspect ratio of sa id grooves formed in said coating of 
opposition is between 1:1 and 20:1. 

11) A process as claimed in any preceding claim, in which 
the spacing between adjacent said grooves is between 2 and 100 
microns. 



12) A process as claimed in any preceding claim, in which 
said substrate comprises paper and at least said area of the 
substrate is super-calendared prior to application of said 

10 composition. 

13) A process as claimed in any one of claims l to 11, in 
which an initial coating is applied to said area of said 
substrate and then said composition is applied as a top coating 
over said initial coating. 

15 14) A process for forming a substrate w . th an optically 

variable device, the process comprising applying a composition 
to said substrate in the form of a pattern of reflective 
ridges, so as to provide an optically variable image under 
incident light. 

20 15) a process as claimed in claim 14, in which said 
composition is of a colour contrasting with the colour of said 
substrate. 

16) A process as claimed in claim 14, in which a background 
patch is coated onto said substrate, said patch being of 

25 different colour or colours from the colour of said substrate 
before said composition is ap pi ied over said patch .„ ^ ^ 
of said pattern of reflective ridges. 

17) A process as claimed in claim 16, in which said 
composition is a transparent composition. 
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